Abstract-Organ segmentation is an important step in various medical image applications. Accurate spleen segmentation in abdominal CT images is one of the most important steps for computer aided spleen pathology diagnosis. In this paper, we have proposed a new semiautomatic algorithm for spleen area extraction in abdominal CT images. The algorithm contains several stages. A spleen segmentation method is based on watershed approach. The first, we seek to determine the region of interest by applying the morphological filters such as the geodesic reconstruction to extract the spleen. Secondly, a pre-processing method is employed. In this step, we propose a method for improving the image gradient by applying the spatial filters followed by the morphological filters. Thereafter we proceed to the spleen segmentation by the watershed transform controlled by markers. The new segmentation technique has been evaluated on different CT images, by comparing the semi-automatically detected spleen contour to the spleen boundaries manually traced by an expert. The experimental results are described in the last part in this work. The automated method provides a sensitivity of 95% with specificity of 99% and performs better than other related methods.
INTRODUCTION
Many practical applications in medical image processing require robust and valid image segmentation for accurate analysis of anatomical structures.
Image Segmentation is the most fundamental technique for image analysis. Therefore, designing and developing a computer-aided diagnosis (CAD) tools for spleen is necessary to increase the productivity of radiologists who interpret and diagnosis hundreds of CT images every day. With increasing emphasis on medical image segmentation, many techniques have been proposed for this purpose.
Paola Campadelli et al 2008 used fast marching Technique' for spleen segmentation [1] . Alireza Behrad, Hassan Masoumi 2010 propose a new automatic algorithm for spleen segmentation via MRI image [2] . Either of them has advantages and disadvantages in terms of applicability, suitability, performance, and computational cost. In this work, we are interested to the watershed approach for the spleen segmentation. The Watershed segmentation technique has been widely used in medical image segmentation.
Advantages of the watershed transform include the fact that it is a fast, simple and intuitive method. More significantly, it is able to produce a complete division of the image in separated regions even if the contrast is poor [3] . The objective of our work is the spleen segmentation.
To address above problems, we present a semi-automatic spleen segmentation algorithm in abdominal CT images using the mathematical morphology in particular the watershed approach. Despite its advantages, the watershed segmentation technique has some drawback which includes over-segmentation. A common method is the use of region markers. In this paper, morphological reconstruction is applied to remove salient parts which hinder proper segmentation. In addition, we proposed an algorithm used for improving the image gradient in order to solve over-segmentation problem. In these tasks, we employed the anisotropic diffusion filter used to smooth the original images. After that, we used the morphological filter for improving the image gradient toward to ensure a satisfying image segmentation result.
The paper is organized as follows. The watershed method spleen segmentation process is described in section II. Our algorithm of segmentation by the watershed will be detailed in section III. The experimental results are presented in section IV. 
II. WATHERSHED TRANSFORM
The Watershed is powerful region based image segmentation algorithm [4] . Since its introduction Watershed was introduced by Beucher and Lantuejoul [5] , it has been widely studied and achieved encouraging results in image segmentation [6] .
Its basic idea is to consider image as topography topology of geodesy Fig.1 , the pixel gray value of each point of image stands for the altitude of that point, every local minimum value and its impact region are known as the collection basin and the borders of the basin form the watershed [7] .
Intuitively, the watershed of a function is composed of the locations from which a drop of water could flow towards different minima [8] . The immersion process is simulated from the heights of local minima. The water rises in each basin and when two basins meet, a watershed is created between them [9] .
III.

IMPLEMENTATION OF THE PROPOSED METHOD BASED ON WATERSHED
SEGMENTATION
The block diagram of the proposed method is shown in Fig.2 . Each block will be explained in the following sections
A. Pre-processing
Most of abdominal CT images are noisy and the edges of objects are not clear enough in these images. To handle this problem, we applied preprocessing stage to the input image before applying the main segmentation stage.
In order to reduce over-segmentation, several strategies may be considered: defining a robust gradient, or setting the predefined number of regions with markers which define the initial catchment basins. The aim of this stage is to reduce the noisy artifacts while preserving, as much as possible, the original image structures and improving the gradient to facilitate the spleen segmentation 1)Morphological reconstruction: In this paper, the salient parts of input images are removed by using morphological reconstruction, which uses marker and mask images. One of the most important operations in morphological image processing is reconstruction from markers. Morphological reconstruction is a nonlinear filter based on mathematic morphology. Comparing to other types of filters, morphological reconstruction can keep the information of object contours when filtering the image [10] . In morphological reconstruction, the peaks in the marker image "spread out," or dilate. Each successive dilation is constrained to lie underneath the mask. When further dilation ceases to change the image, processing stops. The final dilation is the reconstructed image. Eq. (1) shows the reconstruction procedure, in which the initial marker image obtained from erosion of the original image and g is the mask image. B is a SE (structuring element), and  is the dilation operator [11] ) ), min((
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Extraction of the region of interest ROI.
Spleen-ribs and the kidney separation. The first stage consists the spleen extracting. This stage is carried by a morphological reconstruction. But the spleen is connected to the ribs and kidney Fig.3 .a, which will distort the final result of the extraction of ROI. In the first step, we remove the contrasted zones.
The contrast zones are extracted by using a morphological filter around a dilation geodesic reconstruction Fig.3 .d. The marker image is obtained by thresholding the original image Fig.3 .d. To ensure an excellent extraction of the region of interest, it is necessary to make a judicious choice of the threshold.
Then, the neighbor organs are separated using erosion operating by a structuring element with small value. This operation will be followed by a filtering according to surface criterion to eliminate the pixels insulate. The image marker will be iteratively transformed by geodetic dilations. Finally the geodesic reconstruction by dilation permits to extract the region which will be eliminated The contrast zones are removed by a simple subtraction between the original image and the image resulting from the morphological reconstruction Fig.3 .c.
The spleen detection: To detect semi-automatically the contour delimiting the spleen, the developed algorithm analyzes initially the intensity distribution either of the spleen and the adjacent organs. To extract the spleen only, our algorithm used a set of markers. Thresholding operation is applied to the image without the contrasted zones Fig.3 .d. We emphasize that the choice of the threshold is very important when the spleen is needed to be marked. The application of the morphological reconstruction permit to extract the spleen Fig.4 .a . After, we apply a space filtering by anisotropic diffusion Fig.4 .b.
Most of abdominal CT images are noisy and the edges of objects are not clear enough in these images. To handle this problem, we applied preprocessing stage to the input image before applying the main segmentation stage 2) Anisotropic diffusion filter: The ADF is a popular filtering process aiming to eliminate the noise from an image while preserving contours [12] .
CT data are smoothed using anisotropic diffusion to enhance the homogeneity of abdominal objects and ensure boundary preservation. We employ the classic Perona-Malik anisotropy model [13] . During the diffusion process, smoother versions of an image I are computed iteratively 
The coefficient K is called coefficient of diffusion. This filter decreases the over-segmentation resulting from the application of the Watershed method Fig.4 .b. This type of filtering is interesting especially when the image is noised
B. Calculation of the gradient
The watershed algorithm is usually carried out in the gradient image. There are three different combinations:
 The Beucher gradient which is the arithmetic difference between the dilated and eroded image:
 The intern gradient which corresponds to the arithmetic difference between the original image and the eroded image,
 The extern gradient which represents the arithmetic difference between the dilated image and the original image,
In our case we have objects (spleen) clearer than the bottom so, the internal gradient generates less thick contours compared to the two other gradients, which is desirable, in addition, the internal gradient delimits the inside of the object, as a result the use of the internal gradient is recommended in our application [14] .
Direct application of the watershed transform to a gradient image usually leads to over-segmentation due to noise and other local irregularities of the gradient.
To prevent any over-segmentation error (e.g. vessels and parts of neighboring organs…), the morphological gradient modification method can be employed. We smooth the ROI surface by another morphological filter such as opening by reconstruction Fig.4 .c. After, we calculate the second spatial filter. Any one of the gradient operators like Sobel, Prewitt or Gaussian derivative can be used. Since the noise level is efficiently reduced by filtering, these operators perform well on filtered images [8] 1) Opening by reconstruction [15] : The opening by reconstruction of the image f is defined as the reconstruction by dilation of f by erosion of
With the grayscale dilation of size 0  n is given by:
Openings-by-reconstructions are anti-extensive removing bright image details [16] .
In medical imagery, this kind filter is interesting, it permit to remove vessels and small regions and detaches protrusion wrongly included into the spleen volume 
C. Calculation of the marker
The first step consists to calculate the internal and external markers. The concept of markers can be used to solve the over-segmentation problem whose goal is to detect the presence of homogeneous regions from the image by a set of morphological simplifications. The marker involves production of markers by identifying the interior and exterior of the objects to be segmented. We relate hole filling Fig.4 .d. A dilation operation is applied to this result with a disc-structuring element. The external marker is calculated by the internal gradient Fig.4 .e. For the internal marker, we used the distance function Fig.4 .f. Using this technique, it is possible to apply the watershed algorithm controlled by marker on the gradient [17] , Fig.4.h, Fig.5 .
D. Watershed algorithm relative to the marker
The Watershed segmentation algorithm applied directly to the gradient image can cause oversegmentation due to serious noise patches or other image irregularities [18] . Sometimes, it is desirable to use a set of markers instead of the minima of the map to fix the number of regions. To do this, one has to proceed to a morphological reconstruction of the map before computing the watershed [19] .
IV. RESULT AND DISCUSCION
We propose a method of the spleen segmentation by the watershed algorithm. Tlemcen University of Algeria are used to demonstrate the performance of the proposed segmentation method.
To evaluate the performance of our approach, we compared the automatic segmentation with the manual segmentation traced by expert. We evaluated our algorithm on datasets by computing four parameters: sensitivity, specificity, accuracy, and error rate as shown in Table. I and defined in Equations (11) to (14) Figure 4 .
Results of the liver segmentation by our method Table. I. Sensitivity and specificity for semiautomatic spleen segmentation are 95% and 99% respectively. As a result, the application of our algorithm for the detection of contours of the spleen gives attracting results. Spleen segmentation by our method for various images.
However, in some cases, such as datasets numbers 1, 8 and 9 in Table. I the results are not satisfactory. These are generally due to the low contrast, neighboring organs such as muscles, the ribs and the kidney.
In the Table. II, we report the spleen segmentation results achieved by two algorithms. In [20] propose a fully automatic, gray-level based segmentation framework based on a multiplanar fast marching method; they stated sensitivity as 94.4%. In our system achieves a mean sensitivity equal to 95%. However as it is shown in Table II , the accuracy of the proposed algorithm is better than [20] .
In the future work, we seek these problems and improve our approach for the spleen segmentation. Also the work can be extended in order to detect the hepatic lesions.
V. CONCLUSION
In this paper, we have proposed a semi-automatic segmentation algorithm of the spleen using mathematical morphology based on watershed approach. The semiautomatic method used consists to put two parameters manually. Our aim is the spleen segmentation but this organ connected to the ribs and kidney. To prevent this problem we seek to eliminate the contrast zones. This operation will be realized by morphological reconstruction where we used the thresholding of the original image. To ensure an excellent extraction of the region of interest, it is necessary to make a judicious choice of the threshold. This parameter change from the image to another.
The second parameter which will be set by the manipulator is the h parameter of the morphological filter (opening by reconstruction) in order to calculate the gradient image.
The algorithm that we implemented is tested on 17 images TDM. We carried out initially the simplification of images by the use of the anisotropic diffusion filter followed by morphological filter and a morphological reconstruction. Besides, morphologic operation is applied to guarantee a fast and accurate spleen region. The final results are compared the automatic method with manually segmented image by the radiologist. The results of experiments show that the algorithm has a certain degree of adaptability and accuracy for the first step of the computer-aided diagnosis (CAD) and computer-aided surgery (CAS) systems. 
